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ANCHORED SHORING SYSTEMS .

ANCHORED SHORI NG SYSTEMS

Anchored shoring systens used for tenporary shoring are
primarily two types; stressed anchors (typically tiebacks)
conPosed of high strength steel bars or strands grouted into a
drilled hole and passive unstressed anchors (typically tie
rods with concrete deadnen or anchor piles). It is comon to
use nongravity retaining walls to retain the soil with anchors
(fromone or nore tiers) providing additional |atera

resi stance.

Nongravity cantilevered walls may engage discrete vertical
elements with structural facing elements for the retention of
soi | or naK be of a type that uses continuous vertical wall

el enents that also formthe structural facing. Typica

di screte vertical elements used for tenporary shoring are
steel piles with facing elenents being tinber lagging or stee
plates. A common material for continuous vertical wall.

el enents is steel sheet piling.

As used in this manual, nongravity cantilevered walls with
discrete vertical elenents will be referred to as soldier
pile walls'" and those walls with continuous elenents wll be
referred to as sheet pile walls'

Nongravity cantilevered walls derive |ateral resistance

t hrough enbednent of vertical wall elenents and support
retained soil with facing elenents. The discrete vertica
elenments typically extend deeper into the ground than the
facing to provide vertical and |lateral support.

The overall stability of anchored shoring systenms and the
required strength of its nenbers depends on the interaction of
a nunber of factors, such as the relative stiffness of the
menbers, the depth of piling penetration, the stiffness and
strength of the soil, the length of tiebacks, or tierods and

t he anount of anchor novenent. Tiedback systens can be
considered flexible systens that allow active pressure to
devel op; however, if sufficient tieback force is applied and
the shoring systemis sufficiently rigid, the system may
approximate a restrained system

Shoring systens anchored with passive an&hors wll not be
covered in this chapter. These types of systems will normally
experience nore novenent than woul d tiedback systens, and
therefore would not be suitable for shoring used to protect.

adj acent structures or utilities. The design pressure

di agranms, structural analysis and general design
considerations detailed in this chapter are applicable to
tiedback or strutted shoring systenms. The design of deadman
anchors may be found in Chapter 11, "Special Conditions"
Exanpl es of strutted systens or systens supported by rakers
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are included in Chapter 8,
"Sanpl e Problens".

Descri ptions of

systens along with severa
this chapter to denonstrate

SINGLE-TI ER TI EDBACK SYSTEM

"Sheet Piling",

single-tier

and nulti-tier

and in Appendi x G

ti edback shoring.

sanpl e problens are included in

current technol ogy.

Level of
excovetion ) -

N

l ~<—- Assumed Foilu~e plenme.

Sheet pilimg or

A\

T8 o s o

Act s ve
pressure

sold:e~ piles. ~
L Pe e Pr e
pE. Dieprem
FI GURE 9-1
omenclature for Fiqures 9-1 and 9-2°

FrRe anndy ool

Depth of excavation
Embedment depth of piling
Height of tieback above level of excavation -
generally about 0.75H
The horizontal component of tieback design force
The vertical component of the tieback ‘design force
Horizontal spacing of tieback
Diameter of drill hole for tieback
Angle between assumed failure plane and vertical
angle of inclination from horizontal of tieback

Bonded length of tieback
Unbonded length of tieback
Expanded definition of terms on following pages

9-2
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SINGE-TI ER TI EDBACK SYSTEM Refer to Figure 9-

Soi |l Pressure Values for Cohesionless Soil:

Sheet Pile Shoring:

P,-= K ,YHcosb = Maximum active pressure at the bottom
of the excavation.
P, = [K,yD - K,(D + H)lcosd = Maximum passive resisting
: pressure. v

Soldier Pile Shor_:’:ng:

The active pressure and passive ‘resistimg pressure acting

on soldier piles below the depth of excavation elevation

are reduced by the arching factor (f), defined in Chapter

10, "Soldier Piles," to permit sheet pile type analysis.
p,' = fP, and P;' = fp;

Note: Alternmatively a trapezoidal shaped distribution of the
design active pressure acting over the height “H” (similar to
that 'used for multi-tier tiedback systems) may be used in lieu
of the triangular shaped diagram shown. This method produces -a
larger tieback force and less embedment depth. The most
conservative practice is to check tiebacks using the
trapezoidal distribution and embedment depth using the
triangular distribution of pressure.

MULTI-TIER TIEDBACK SYSTEM

"/ XX
Active

, : / . D"cssw-e\

T

tele . H LH\LU/ 7'805 ]
. } -e\ﬁ\
- 1 o1
sl T . o
A 1 y U\K LITN
. 4, — Z

D : Shest pilirmg or; .
. I i : Passive
soidier piles /&/ ”'.‘.’m_e
) . pE -

Pressure Diegrom

h,, h, = Vertical location of tief:ack
FI GURE 9-2
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MULTI - TI ER Tl EDBACK SYSTEM Refer to Figure 9-2

Soil Pressure Values for Cohesionl ess Soi

Sheet Pile Shoring:

P, = 0.65K,yHcos

P = (K, - K,)YDcosd - P,
Soldier Pile Shoring: .

P,' = £P,

p,' = £P,
Ceneral Nonenclature

The enbedded portion of the piling bel ow | evel of
excavation. The enbednent depth and the horizontal
conponent of the tieback design force required are
determ ned by analyzing the active, passive, and
surcharge pressures acting on the piling. A factor of
safety 1s achieved bg I ncreasi ng the cal cul ated enbednent
depth an additional 20%to 40% The higher percentage
shoul d be used when soil proPerties are derived from|og
of test borings or other soil information and not
determned from laboratory or in-situ tests used
specifically to determne soil strength.

¥ Angle is = 45° - ¢/2 (for level surface). Values of ¥

commonly vary between 20° to 35° depending upon the type
of soil. For design of temporary shoring systems, it is
normally acceptable to consider the failure plane to .
start at the elevation of the bottom of the excavation

and extend upward at an angle ¥y from vertical. For
sloping or irregular surfaces, a wedge failure or similar
‘type analysis may be necessary to predict the location of
" the failure plane (see example in Appendix H, "Memos").

« Angle of inclination of tieback from horizontal.
Normally 10° - 15° is used for the angle a to facilitate

the placement of grout or concrete. Angles up to 45° may
be used to reduce the tieback length, reach stronger soil
layers, or to avoid obstacles.

L, Bonded length of the tieback, which is also referred to
as the anchor length of the tieback. The required bonded
length depends on the soil or rock properties, the anchor
type, and the required anchor capacity.
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L, Unbonded | ength of tieback. Unbonded |length is normally
specified to start at some m ni num di stance past the
failure plane to ensure that no portion of the bonded
length falls within the failure wedge. Accurate
determ nation of this | ength depends on how wel | - known
the soil properties are and how accurately the |ocation
of the failure plane can be predicted. To ensure that
t he bonded length falls beyond the failure-plane it is
common practice to extend the unbonded | ength about 5
feet beyond the assumed failure plane. The m ni mum
reconmended unbonded length is 15 feet.

CONSTRUCTI ON_ SEQUENCE

The construction sequence for an anchored sheet-pile or
soldier pile systemnust be considered when making an

engi neering analysis. Different |oads are inposed on the
system before and after the conpletion of a level of tieback
anchors. An anal ysis should be 1 ncluded for each stage of
construction and an anal ysis may be needed for each stage of
anchor renoval during backfilling operations.

11 EDBACK ANCHOR SYSTEMS

There are many variations or configurations of tieback anchor
systens. The tension elenent of a tieback may be either
prestressing strands or bars using either single or multiple
el enents. Tiebacks may be anchored against wales, piles, or
anchor bl ocks which are placed directly on the soil. The
exanple problens in this chapter illustrate the use of

ti ebacks wth several different types of shoring systens.

Figure. 9-3 illustrates a typical tenporary tieback anchor. In

thisldiagranl a bar tendon systemis shown; strand systens are
simlar.

NUT

BEARING
PLATE

=
§

VALE

\ PILING

FI GURE 9-3
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The nore common conponents,. criteria, and materials used in
conjunction with tiedback shoring systens are |isted bel ow,

Piling, Sheet piling and soldierpiles. See Chapter 12
"Construction," for comon materials and all owabl e
stresses.

Val e - These conponents transfer the resultant of the earth
pressure fromthe piling to the tieback anchor. A
design overstress of 33%is permtted for wales when
proof testing the tieback anchor. Anchors for
tenporary work are often anchored directly against
the soldier piling through holes or slots nmade in
the flanges, elimnating the need for wales.

Bearing stiffeners and flange cover plates are
?enerally added to the pile section to conpensate

or the loss of section. A structural analysis of
this cut section should always be required.

Tendon - Tieback-tendons are generally the same high strength
bars or strands used in prestressing structural
concrete.

The anchorage of the tieback tendons at the shoring
menbers consists of bearing plates and anchor nuts
for bar tendons and bearing plates, anchor head and
strand wedges for strand tendons. The details of the
anchorage nust accomodate the inclination of the
tieback relative to the face of the shoring nenbers.
ltems that nmay be used to acconplish this are shins
or wedge plates placed between the bearing plate and
soldier pile or between the wale and sheet piling or
soldier piles. Also for bar tendons spherical anchor
nuts with special bearing washers plus wedge washers
i f geeded or specially machined anchor plates may be
used.

The tendon should be centered within the drilled
hole within its bonded length. This is acconplished
by the use of centralizers (sPacers) adequatelg
spaced to prevent the tendon from contacting the
sides of the drilled hole or by installation with
the use of a hollow stem auger.

Stress - Alowable tensile stress values are-based on a
percentage of the mninumtensile strength (F,) of
the tendons as indicated bel ow

Bars: Fru 150 to 160 ksi
Strand: Fu 270 ksi

(Check manufacturers data for actual ultimte
strengt h)
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Al l owabl e tensile stresses:

At design load £, < 0.6 F,
At proof load £, < 0.8 F,

(Both conditions nmust be checked)

Gout - A flowabl e portland cenent m xture of grout or
concrete which encapsul ates the tendon and fills the
drilled hole within the bonded |ength. Cenerally a
neat cenment grout is used in drilled holes of
dianeters up to 8 inches. A sand-cement mxture is
used for hole dianmeters greater than 8 inches. An
aggregate concrete mx is comonly used in very
large holes. Type I or Il cenment is comonly
recommended for tiebacks. Type Il cenment may be
used when high early strength is desired. Gout,
with very few exceptions, should always be injected
at the bottom of the drilled hole. This method
ensures conplete grouting and wll displace any
wat er that has accunulated in the hole.

Ti k _anchor

There are several different t%pes of tieback anchors. Their
capacity depends on a nunber of interrelated factors:

Location - anount of overburden above the tieback
Drilling nethod and drilled hole configuration
Strength and type of the soil

Rel ative density of the soi

G outing netho

Tendon type, size, and shape

Typi cal shapes of drilled holes for tieback anchors are
depicted in Figure 9-4.
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STRAIGHT SHAFTED DRILL HOLE This is the simplest type
and the one encountered
most often.

BELLED HOLE In this case the

resistance is a
combination of perimeter
bond and bearing against
the soil.

MILTIPLE BELLED SHAT Similar to above, this
type of anchor is also
referred to as under-
reamed. It is used in
stiff cohesive soil. The .
soil must be stiff enough
to prevent collapse of the
Fl GURE 9-4 under-reams or drill hole
in the anchor length.

The presence of water either introduced during drilling or
exi sting ground water can cause significant reduction in
anchor capacity when using a rotary drilling nethod in sone

cohesive soils (generally the softer clays).

H gh pressure grouting of 150 psi or greater in granular soils
can result in significantly greater tieback capacity then by
treme or low pressure grouting nethods. Hi gh pressure
grouting is seldomused for tenporary tieback systens.

Regrouting of tieback anchors has been used successfully to

i ncrease the capacity of an anchor. This nethod invol ves the
pl acing of high pressure grout in a previously formed anchor.
Regrouting breaks up the previously placed anchor grout and
di sperses new grout into the anchor zone; conpressing the soi
and formng an enlarged bulb of grout thereby increasing the
anchor capacity. Regrouting is done through a separate grout
tube installed wth the anchor tendon. The separate grout
tube will generally have sealed ports uniformy spaced al ong
its length which open under pressure allowng the grout to
exit into the previously formed anchor.

Due to the many factors involved, the determ nation of anchor
capacity can vary quite wdely. Proof tests or performance
tests of the tiebacks are needed to confirm the anchor
capacity. A Federal publication, the FHWN RD-82/047 report on
ti ebacks, provides considerable information for estimating
tieback capacities for the various types of tieback anchors.

Al so see "Suppl emental Tieback Information" in Appendix E.

Bond capacity is the resistance to pull out of the tieback
whi ch is devel oped by the interaction of the anchor grout (or
concrete) surface with the soil along the bonded |ength.
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Determ ning or estimating the bond (resisting) capacity is a
prime elenment in the design of a tieback anchor.

| ncl uded with sone shoring designs there may be a Soils
Laboratory report which will contain recomended val ue for
the bond capacity to be used for tieback anchor de$|?n. The
appropri ateness of the value of the bond capacity wll only be
proven during tieback testing.

For nmost of the tenporary shoring work normally encountered,
the tieback anchors wll be straight shafted wth | ow pressure
grout placenent. For these conditions the followng criteria
can generally be used for estimating the tieback anchor
capacity.

_ The FHWA formula for bond is
< :;q\ defined as fol}ows:_

y o Pa. = RdL,yh, (tand)
| - Where: '

d = Diameter of drill hole

L, = Bonded length of the
tieback

Y = Unit weight of soil

¢ = Angle of internal.
friction of the soil

CG = Center of L, = (L,/2)

h, = Vertical distance from the
ground line to the center

of L,

. . ' ¥ = Angle between assumed
FIGURE 9-5 failure plane and vertical

Forces On The Vertical Menbers

Ti ebacks are generally inclined, therefore the vertical
component of the tieback force nmust be resisted by the

vertical member through skin friction on the enbedded | ength

of the piling in contact wth the soil and by end bearing.
Problems wth tiedback walls have occurred because of

excessi ve downward wal |l movenent. The pile capacity shoul d

al ways be checked to ensure that it can resist the vertical
component of the tieback force. The sheet pile sanple problem
denonstrates one nethod to account for the vertical |oad on

the piling.
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Utimite values (W thout safety factors) for friction and end
bearing of piling follow

For Driven Piling:

Skin Friction
= N50 tsf for concrete piles

= NIOO tsf for W sections
(based on a rectangul ar perineter equal to
two tines the wwdth of the flange added to
two times the depth of the section).

End Beari ng:
Cohesionless Soil: = 4N tsf
Cohesive Soil:. = 95, or = 4.5

(based on a rectangul ar perinmeter equal to
two times the width of the flange added to
two times 'the depth of the section).

Special Note: For sheet piling use N 100 for skin
friction for depth D on both faces, but do
not use end bearing.

For Drilled Piling:

Skin Friction = NI100 tsf

End Bearing
Cohesionl ess Soil:= 2N tsf
Cohesive Soil: = 9s, or = 4.5,

(based on the, gross area).

Where N = SPT (Standard Penetration Test) val ue
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Overall (dalobal) System Stabilityv

To ensure overall stability of an an anchored system sl ope
stability analysis may be required in addition. to the genera
(local) system anal ysis except when the horizontal conponent
of the anchor is greater than total height of the vertical
menber. Figure 9-6 depicts the foregoing.

al(H+D > 1.0
Wer e

a = The hori zont al
conponent of the
ti eback anchor
l ength

H+ D = The vertica
menber' s total
| engt h.

Potent:1al fe:lure ﬁlane

FIQURE 9-6

TESTI NG TI EBACK ANCHORS

The Contractor is responsible for providing a reasonable test
method for verifying the capacity of the tieback anchors after
installation. Anchors are tested to assure that they can
sustain the design load over tinme wthout excessive novenent.
The need to test anchors is nore inportant when the system

w || support, or be adjacent to existing structures, and when
the systemw |l be in place for an extended period of tine.

The nunber of tiebacks tested; the duration of the test, and
the all owabl e novenent, or |oad |oss, specified in the
contractor's test nethods should take into account the degree
of risk to the adjacent surroundings. H gh risk situations
woul d be cases where settlement or other damage woul d be
experienced by adjacent facilities. See Table 9-1 for a |ist
of ﬂininun1reconnended criteria for testing tenporary tieback
anchors.
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TIEBACK PROOF TEST CRITERIA 1

Percentage of

) Load Hold - tiebacks to be
Test Load Duration load tested
Cohesionless Soils

‘Normal Risk .

1.2 to 1.3 Design Load 10 Minutes 10% for each soil

High Risk ' type encougtered
1.3 Design Load. | 10 Minutes ~ 20% to 100%
gohesive Soils | |

| Normal Risk )
1.2 to 1.3 Design Load 30 Minutes 10%
High Risk
1.3 Design Load 60 minutes © .30% to 100%°

"Use 100% when in soft clay or when ground water is encountered.
Use load hold of 60 minutes for 10% and load hold of 10 minutes
for remaining 90% of tiebacks.

TABLE 9-1

Cenerally the shoring plans should include tieback |oad
testing criteria which should mninally consist of proof |oad
test val ues; frequency of testing (nunber of anchors to be
tested), test |oad duration, and allowabl e novenent or |oss of
| oad permi ssible during the testing time franme and the
anticipated life of the shoring system The shoring plans
shoul d al so include the neasures that are to be taken when, or
if, test anchors fail to neet the specified criteria.

Pressure gages or load cells used for determning test |oads
shoul d have been recently calibrated by a certified |ab, they
shoul d be clean and not abused, and they should be in good
morkiggdorder. The calibration dates should be determ ned and
recor ded.

Ti ebacks which do not satisfy the testing criteria may still
have some value. Oten an auxiliary tieback may make up for
the reduced value of adjacent tiebacks; or additional reduced
val ue tiebacks may be installed to supplenEnt the initial |ow
val ue tiebacks.
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Proof Testing

Proof testing of tiebacks anchors is normally acconplished by
appl ying a sustained proof load to a tieback anchor and
measuring anchor novenment over a specified period of tine.
Proof testing may begin after the grout has achieved the
desired strength. A specified nunber of the tieback anchors
w || be proof tested by the nethod specified on the
Contractor's approved plans (see Table 9-1).

General ly, the unbonded | ength of a tieback is left ungrouted
prior to and during testing (see Figure 9-7). This ensures
that only the bonded length is carrying the proof |oad during
testinﬁ. It is not desirable to have |loads transferred to the
soi|l through grout (or concrete) in the unbonded region since
thhs length is considered to be within the zone of the failure
wedge.

As an alternative, for small dianmeter drilled holes (6 inches
or less) a ﬁlastic sheat hi ng may be used over the unbonded

| ength of the tendon to separate the tendon from the grout
(see Figure 9-3). The sheathing permts the tendon to be
grouted full Ilength before proof testing. A void nust be left
between the top of the grout and the soldier pile to allow for
movenent of the grout colum during testing.

Research has shown that small diameter tiebacks devel op nost
of their capacity in the bonded | ength despite the additional
grout in the unbonded I ength zone. This phenonenon is not
true for larger diameter tieback anchors.

Generally the Contractor will specify an alignnent |oad of 5
to 10% of the design load which is initially applied to the
tendon to secure the jack against the anchor head and
stabilize the setup. The load is then increased until the
proof |oad is achieved. Cenerally a nmaxi mum anount of time is
specified to reach ﬁroof | oad. Once the proof load is
attained, the load hold period begins. Mvenent of the

ti eback anchor is normally neasured by using a dial indicator
gage nounted on a tripod I ndependent of the tieback and
shoring and positioned in a manner simlar to that shown in
Figure 9-7.

The tip of the dial indicator gage is positioned against a
flat surface perpendicular to the centerline of the tendon
(This can be a plate secured to the tendon). The piston of
the jack may be used in lieu of a plate if the jack is not
going to have to be cycled during the test. As long as the
dial indicator gage is nounted independently of the shoring
system only novenent of the anchor due to the proof load wll
be measured. Continuous jacking to maintain the specified
Proof | oad during the |load hold period is essential to offset
osses resulting from anchor creep or novenent of the shoring
into the supporting soil.
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. —
A\
ASSUMED FAILURE // TENDON =
\ PLANE // . DIAL
\ /<? RAM INDICATOR
‘ GAGE

=

=\

FI GURE 9-7

Measurenents from the dial indicator gage are taken
periodically during the |oad hold period. The total novenent
measured during the |load hold period of tine is conpared to
the all owabl e value indicated on the approved shoring plans to
determ ne the acceptability of the anchor.

It is inmportant that the proof |oad be reached quickly. Wen
excessive tine is taken to reach the proof |oad, or the proof
load is held for an excessive amount of tine before beginning.
t he neasurenent of creep novenent, the creep rate indicated
will not be representative. For the proof test to be
accurate, the starting tinme nust begin when the proof load is
first reached.

As an alternative to measuring novenent with a dial indicator
gage, the contractor may propose a "lift-off test". A "lift-
off test" conpares the force on the tieback at seating to the
force required to lift the anchor head off of the bearing

pl ate. The conpari son should be made over a specified period
of time. The lost force can be converted into creep novenent
to provide an estimate of the amount of creep over-the life of
the shoring system

Use of the "lift-off test" may not accurately predict overal
anchor novenent. During the time period between |ock-off and
l[ift-off, the tieback may creep and the wall may nove into the
soi|l. These two conmponents cannot be separated. If the test is
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done accurately, results are likely to be a conservative
nmeasure of anchor novement. The Ofice of Structure
Construction recommends the use of a dial indicator gage to
nonitor creep rather than lift-off tests.

Eval uation of Vi nt

Long-termtieback creep can be estimted from neasurenents
taken during initial short term proof testing: In effect,
measurenments nmade at the tinme of proof testing can be
extrapol ated to determ ne anticipated total creep over the
period the shoring systemis in use if it is assuned that the
anchor creep is roughly nodel ed by a curve described by the
"l og" of tine.

The general fornula listed below for the determ nation of the
anticipated long termcreep is onlﬁ an estimate of the
potential anchor creep and should be used in coﬁ unction wth
periodic nDn|tor|ng of the wall novenent. This fornmula wll
not accurately predict anchor creep for soft cohesive soils.

Based on the assuned creeﬁ behavi or, the follow ng formula can
be utilized to evaluate the long-termeffects of creep:

General formul a;

A2-3 = C[logzo(T /Tz)]
Where:

C = A,_,/[1log,,(T,/T,)]

A = Creep movement (inches) speclfled on the plans for
times T,, T,, or T; (or measured in the field) ‘

T, = Time of first movement measurement during load hold
period (usually 1 minute after proof load is
applied) '

" T, = Time of last movement measurement during load hold
period -

T, = Time the shoring system will be in use

If using a ‘lift off test’ to estimate the creep movement, the

following approxlmatlon needs to be made for substitution into
the above equation:

A, , = (P, - P,)L,/AE

Where.
P, = Force at seating P, = Force at lift off
L =L, + 0 to 5 feet of the bonded length necessary to
develop the tendon
A = Area of strand or bar in anchor
E = Modulus of elasticity of the strand or bar in anchor

Sample problem 9-1 demonstrates the calculation of long term
creep.
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VWal | Movenent and Settl enent

As a rule of thumb, the settlenment of the soil behind a

ti edback wall, where the tiebacks are |ocked-off at a high
percentage of the design force, can be approxi mated as equal
to the novenent at the top of the wall caused by anchor creep
and deflection of the piling; Reference is made to the

Section titled "Settlenent and Defl ection" near the end of
Chapter 5.

If a shoring systemis to be in close proximty to an existing
structure where settlement mght be-detrinental, significant
defl ection and creep of the shoring system would not be
acceptable: If a shoring systemw | not affect permanent
structures; or when the shoring m ght support something like a
haHI ro%?, reasonabl e | ateral novenment and settlenent can be
tol erat ed.

Performance Testing

Performance testing is simlar to, but nore extensive, than
proof testing. Performance testing is used to establish the
nmovenment behavior for a tieback anchor at a particular site.
Performance testing is not normally specified for tenporary
shoring, but it can be utilized to identify the causes of
anchor novenent. Performance testing consists of increnental
| oadi ng and unl oading of a tieback anchor in conjunction with
measuring novenent.

Lock-Of Force

The |ock-off force is thepercentage of the required design
force that the anchor wedges or anchor nut is seated at after
seating losses. A value of O 8Tpeg g IS typically reconmended
as the lock-off force but |ower or higher values are used to
achi eve specific design needs.

One nethod for obtaining the Froper | ock-of f force for strand
systens is to insert a shim plate under the anchor head equal
to the elastic elongation of the tendon produced by a force
equal to the proof load mnus the |ock-off |oad. A correction
for seating of the wedges in the anchor head is often
subtracted from the shim plate thickness. To determ ne the

t hi ckness of the shimplate you may use the follow ng
equat i on:
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ki = (PProof - Plockoff)L
SO AE - .
where:
tshim = thickness of shim
PProof = Proofload
Plockoff = Lock— off load ' -
A = Area of tendon steel (bar or strands)
E = Modulus of Elasticity of strand or bar
AL = seating loss :
L = Elastic length of tendon (usually the unbonded length + 3 to 5 feet
of the bonded length necessary to develop the tendon)

-AL

Seating loss can vary between 3/8" to 5/8" for strand systens.
The seating |oss should be determ ned by the designer of the
system and verified during *installation. Often tinmes, wedges
are mechanically seated mnimzing seating loss resulting In
the use of a lesser value for the seating |oss. For thread
bar systens, seating |loss is nuch |ess than that for strand
systens and can vary between O to |/16".

After seating the wedges in the anchor head at the proof |oad,
the tendon is |oaded, the shimis renoved and the wnol e anchor
head assenbly is seated against the bearing plate.

CORROSI ON PROTECTI ON

The contractor% submttal nust address potential corrosion of
the tendon after it has been stressed. For very short-term
installations in non-corrosive sites corrosion protection my
not be necessary. The exposed steel ney not be affected by a
smal | amount of corrosion that occurs during its life.

For longer terminstallations grouting of the bonded and
unbonded |l ength-is generally adequate-to mnimze corrosion in
nost non-corrosive sites. Encapsul ating or coating any
ungrouted portions (anchor head, bearing plate, wedges,

strand, etc.) of the tieback system may be necessary to guard
agai nst corrosion.

For long-terminstallations or installations in corrosive
sites, nore el aborate corrosion protection schemes may be
necessary (Gease is often used as a corrosion inhibitor).
Figure 9-8 depicts tendonsencapsul ated in pregreased and
pregrouted plastic sheaths generally used for permanent
Installations.
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j————— Unbonded Length :! Bonded Length —-—->:'
STRAND TENDON

je—————— Unbonded Lenpth .“: - Bonded Lempth —3}

BAR_TENDON

FI GURE 9-8

STEPS FOR CHECKI NG TI EDBACK SHORI NG SUBM TTAL

a K 0w

10.
11.
12.

Revi ew plan submttal for conpleteness.
Determne K, and Ko
Devel op pressure diagrans.

Determ ne forces.

Determ ne the nonents around the top of the pile (or

some ot her convenient |ocation).

Solve for depth (D), for both lateral and vertica
| oads, and tleback force (Tw -

Check pile section.

Check anchor capacity.

Check m scel | aneous details.

Check adequacy of tieback test procedure.

Revi ew corrosion proposal

CGeneral : Consider effects of wall deflection, and

subsequent soil settlenment on any surface feature
behi nd the shoring wall.
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SAVPLE PROBLEM 9-1 TI EBACK TESTI NG

Determ ne the long-termeffects of creep.

Measurenent and tine nethod:

G ven:

The shoring plans indicate that a proof had shall be
applied in 2 mnutes or less then the |oad shall be held
for ten mnutes. The test begins immedi ately upon
reaching the proof |oad value. Measurenents of novenent.
are to be taken at 1, 4, 6, 8 and 10 m nutes. The proof

load is to be 133% of the design |oad. The maxi num

perm ssi bl e movenent between 1 and 10 m nutes of tinme

wi |l not exceed 0.1 inches. Al tiebacks are to be

tested. The systemis anticipated to be in place for 1

year.
Sol ution:

A = 0.1 inches

T,=1 mnute

T,= 10 mnutes

T; = (1Y) (365 DY) (24 HD (60 MH) = 525,600 ni nutes

C = A,,/[log,,(T,/T,)] = 0.1/ [1og;,(10/1)] 0.1

Long term A,, =(C)log,,(T,/T,) = (0.1)log,,(525,600/10)
= 0.47 inches = 1/2 inch

The proof |oad, and duration of test are reasonable and
exceed the mninmunms shown in Table 9-1. Applying the
proof load in. a short period of time and beginning the
test imedi ately upon reaching that |oad ensure the test
results wll be nmeaningful and can be conpared to the
calculated long term creep novenent for the anchor.

|f the shoring systemwas in close proximty to an existing
structure that could not tolerate a [/2 inch of settlenent the
desi gn would not be acceptable. If the shoring woul d not
affect permanent structures or when the shoring m ght support
something |like a haul road, the anticipated nmovenent woul d be

t ol erabl e.

Lift off |oad nethod:

G ven:

Lift off test will be performed 24 hours after wedges are

seat ed 81 mnute). The force at seating the wedges will
be 83,000 pounds and the Iift off force will be no |ess
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than 67,900 pounds.

L = 20 ft whlch is the unbonded length of 15’ + 5’
A = 0.647 in? ' _ .

E = 28x10° psi

T

. = 1 minute, this is the time the wedges are seated.

sz (P1 = Pz)L)/AE

(
((83,000 - 67,900) (20) (12))/((0.647) (28x10°))
0.2 in

noan

C = 0.2/[1log;, (1440/1)]
~ 0.06

Long term A,, =(C)log,,(T,/T,) = (0.06)1log,,(525,600/1)
= 0.34 inches =~ 5/16 inch
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SANMPLE PROBLEM 9-2 SI NG E- TLER TI EBACK SHORI NG WAL

This exanple problemillustrates the analysis for a single
tier tieback sheet pile wall next to a haul road and
demonstrates the 'follow ng principles: '

e The use of Teng's "Free Earth Support Method" of sheet
pile analysis with Rowe's "Mnent Reduction Theory" to
determ ne the required depth of enbedment (D), the
required sheet pile section nmodul us (Sgequrep). and the
design tieback force(T).

e |ow pressure grouted anchor tieback analysis.

e Review of proof |oading and |ock-off | oading.

The Contractor% shoring submttal outlined below using PSX32
steel sheet pile is to be reviewed for adequacy.

le— X
I
T A\ E— z
7[ 1 ﬁ N ]
|
H

L

= __0%7\ Ly —_

L \\\7

D .
A
FI GURE 9-9
1 .
Y = 115 pcf
¢ = 35°
Di nmensi ons:
H = 15 feet X =10 feet Af%. g
L 15 feet Ly~ 25 feet D=50-
Ti eback angle a« = 15° Ti eback spacing = 8 -0
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Anchor Details:

5/ 8" Dywi dag bars at 8 0" center spacing centered in
6" dianeter (d) drilled holes which are to be grouted with
| ow pressure grout.

T 25 Kips

DESI GN
or oof (1.3) Teesiav

Proof Testing of Tiebacks: (Notes on the shoring plans)

Alternate anchors will Dbe proof tested to Tprer after the
anchor grout has obtained adequate strength.

The exposed end of the anchor rod shall not show novenent
oflnnre that 2 inches while jacking up to the proof |oad
val ue.

The proof load (Tpror) Shall be attained and held for 15

m nutes. Anchor novenent shall not exceed 0.1 inches

between 1 and 15 minute, Readings shall be taken at 1, 5,

10 and 15 mnutes. The systemw || be in place

approxi mately 6 nonths.

Anchors failing the -test criteria shall be replaced.
Analvsis:
Top failure wedge width = 15' tan(45° - ¢/2) = 7.8' < 10'+ 2'.
Since light haul road traffic is to be beyond the active
failure wedge limts, the use of mnimal friction on the sheet
piling for the active condition my be permtted.

For sinplified analysis, use the alternate |oading of 100 psf
for traffic surcharge
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Pressure D agram

| | N\ KR

N\ v / PA
D | ’ )

: D, :
i % ! .

Fl GURE 9. 10 SURCHARGE

Use friction angle 6 = ¢/2 = 17.5°

0.27

From Log-Spiral: K,

From Log-Spiral: K, = 10.5(0.362) = 3.8

(It is recommended that friction not be used for the
passive condition; especially under conditions of dynamic
loading). - '

P, = (Y) (H) (K,)cos & = (115) (15) (0.27)cos 17.5° = 444.0 psf

Pe

Y(K, - K)D, = 115(3.53)D, = 406D, psf

Y = P, /Y(K, - K,) = 444/406 = 1.09 feet

Horizontal Forces:

P, = P,(H)/2 = 444(15)/2 = 3,330 Lb/LF

P, = P,(Y)/z = 444(1.09)/2 = 242 '

P = 100(H + Y + D,) = 100(16.09 + D,) = 1,609 + 100D,
P, = P,(D,)/2 = 406D, (D,)/2 = 203 (D,)?

Ty = Unknown
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li,\ [
= = 15

!

; | ,_sC.

! o

’i\ N

0 |

e -
_q‘,__p'_3/' - :

£ ’ : SJECHARGE

FI GURE 9-11

Sum Forces QEF_B = 0) = 4+ =

T, + P, - P, - P, - P, = 0

Ty + 203(D,)? - 242 - 3,330 -. (1,609 + 100D,) = O .

EQUATION 1: Ty = -203(D,)*> + 100D, + 5,181
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Monents About Top of Shorina:

P, [2/3 (H)] - 3,330[10]
» 33,300
P,[15 + Y/3] 242[15.36]
3,717

P..[(H + D) /2] Ps. [ (H+Y+D,) /2]

Pe.[(16.09+D,) /2]

(1,609 + 100D,) [(16.09 + D;)]1/2
50(D,)? + 1,609D, + 12,944
203(D,)%[16.09 + 2/3D,]
3,266(D;)? + 135(D,)°?

3.5Ty

P,[H + Y + 2/3D,]

Ty [3.5]

Sum_Moments ( YL!I_E) = 0: (Use clockwise moments negative)

3.5T; + 135(D,)® + 3,266(D,)? - 50(D,)? - 1,609D, - 12,944
-3,717 - 33,300 = 0 -

3.5T; = -135(D,)® - 3,216(D,)? + 1,609D, + 49,961

EQUATION 2:
Ty = -38.6(D,)* - 918.9(D,)? + 459.7D, + 14,2174.6

Equate EQUATION 1 = EQUATION 2 and solve for D:

- 38.6(D,)® - 715.9(D,)® + 359.7D, + 9,093.6 = 0
(D,)* + 18.5(D,)* - 9.3D, - 235.6 = 0
From which D, = 3.50°'

then D = 3.50 + 1.09 = 4.6"'

Increase D for factor of safety: 1.4(4.6) = 6.4 < 6'-6"

Solve EQUATION 1 for T_S:

T, = -203(3.50)% + 100(3.50) + 5,181 = 3,044.2 Lb/LF

With ties at 8'-0" spacing design Ty;.= 8(3,044) = 24,352
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Conput e Ti eback Forces:

FIGURE 9-13

T = Ty/cos a = 24,352/cos 15° = 25,211 Lb > 25K per plans
This difference is too small to be considered significant.

USE T = 25K

Ty = 25,000 cos 15° = 24,148 Lb = 24,148/8 = 3,019 Lb/LF

T, = 25,000 sin 15° = 6,470 Lb

Check Downward Force due to Prestressing:

Resi stance to downward force is furnished by the skin.
friction on both sides of the enbedded sheet piling.

From TABLE 12 N = 27 for ¢ = 35°

Friction resistance = N/100 tsf = 27/100 = 0.27 tsf

Resistance for 8'-0"

0.27(2,000 Lb/ton) (2 s1des)(D)(Spac1ng)
0.27(2,000) (2) (6.5) (8)

56,160 Lb

ﬁse safety factor of 2:

Resistance = 56,160/2 = 28,080 > T, = 6,470 Lb OK
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o

T
| A
| |
! ' S
j -
—
|
|
v
X |
N <—
A SURCHARGE

FI 9-14

Assume 3.5' < X < 15!
K,y (X?/2) (cos8) + 100X - Ty = 0

[0.27(115) (X?/2)] (cos 17.5°) + 100X - 3,019 = 0
14.8X* + 100X - 3,019 =0 '
X* + 6.8X - 204.0 = 0

The plane of zero shear is whefe‘x = 11.3'
S ile M . _
Max = E,y(X?)/2(cosd) [X/3] + 100X[X/2] - Ty[X-3.51

— 0.27(115) [(11.3)3/21(0.95) [11.3/3]
+ 100(11.3) [11.3/2] -3,019[7.8]

= 7,094 + 6,385 - 23,548 = -10,069 Ft-Lb/LF

Spequmer = M/f = 10,069(12)/25,000 = 4.83 in®

For the PSX32 sheet pile section to be used S = 2.4 in’/LF
and I = 3.7 in*/LF (see Table 19). Sheet pile sections

this flexible are not generally used adjacent to traffic or
other critical surcharge loads, but are being used here for

illustrative purposes.
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Since analysis is based on the Free Earth Support Met hod,
Rowe's Mnent Reduction Theory may be utilized.

10 \ r

N
+ 'gﬂgﬂu:ggﬂ?awnauwumnm
. GRA!
i SN
g
3 \\\\ N
§ it N
:, NN
<7 a‘ﬁN\N
At
4 - I \ ‘\
. &mmq::zﬁm?wng /i \ﬁ‘~~.~$~N~\~$ .
)5 6 7 8 30 2 14 18 18 20 0 L ] S0 ® 2 “‘_ 00 150 200

wmswpﬁgrluﬁsknmmmmnnnrmux
FIGURE 9-15

p = (H+ D?*EI = [(15 + 6.5) (12)1%/(29x10°) (3.7) = 41
Use the curves in the'preceding diagram for, 'PENETRATION IN

MEDIUM COMPACT TO COMPACT COARSE GRAINED SOILS', to obtain the
moment ratios: A

My = 0.47(10,069) = 4,732 Ft-Lb/LF
£ = M/S = 4,732(12) /2.4 = 23,660 < 25,000 psi oK

Check Anchor Tendon Capacityv:
Plan calls for 5/8" Dywidag bars spaced at 8'-0" centers:

Fu. = 157 ksi

A, = 0.28 in?

Allowable Bar Capacitv:
Topszas S 0-6FucRrer = 0.6(157) (0.28) = 26.4 K

0.8(157) (0.28) = 35.4 K

Teroor < 0-8Fuichrar
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Actual |oad on bars:

Toeszen = 25 K < 26.4 K o - OK
Tepoor = 1.3(25) = 32.5°'K < 35.4 K . OK

>-—>

15!
3.5
15’
25"
35°
115 pcf

\ 1T

= e Hppm

N/

< O>Sp<——T ———>

FLGURE 9-16

Assumed v
failure wedge angle ¥ = 45° - ¢/2 = 27.5° a = 15°

Check 1, , Mminimum:

'L, minimum = (H - 3.5') (sin ¥)/sin [180° - (90° - a) - W)

(15' - 3.5')sin 27.5°%/sin 77.5°

5.4' < 15' OK

Determine g__:
h, = 3.5 + (L, + L,/2)sin a

= 3.5 + (15' + L,/2)sin 15°

= 7.4' + 0.13L,
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Determine';% using the FHWA formula:
7 (d) (L;) (v) (hy) tand

P

7(0.5) (L) (115) (7.4 + 0.13L,)tan 35°

936L, + 16.4(L,)® = 33,650 Lb

Py = 33,650 Lb > Tpoe = 32,500 Lb  OK

Proof testing will verify actual anchor capacities.

Simplified Wall Stabilitv Check For Single Tier Tieback:
= : a - —]

1
]
H
-i—s&V— ' ’ Lb"‘~\\\s/
VAN | Fl GURE O 1% .

If a/(H + D) > 1, The wall may be considered stable.

horizontal component -of the tie.
(L, + Ly)cos a ,
(15' + 25')cos 15° = 38.6 feet

where: a.

a/(H + D)
Lock-OFf Force:

A value of 0.8Tpge is typically recommended as a minimum
value for low to normal risk conditions. The use of 0.8Tpzcren
would be satisfactory for this case provided small settlements
behind the wall will not be detrimental.

Check Proof loading:
Temoor = 1-3Tpeszey = 1.3(25,000) = 32,500 Lb

‘38.6'/(15' + 6.5') = 1.8 >1 OK

A = 0.1 inchT, = 1 minute ' T, = 15 minutes
T, = (1/2 Yr.) (365/2 D/Y) (24 H/D) (60 M/H) = 262,800 minutes
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C = A,,/[1og,,(T,/T,)] = 0.1/[log,,(15/1)] = 0.085

(€) 1og,, (T,/T,)
(0.085) log,, (262, 800/15)
0.36 in. T

Lbné term A

A long term novenent of the wall can be approximated but if
neither wall novement nor settlement behind the wall wll.
be detrinmental then O 36 inch would be acceptable.
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SAVPLE PROBLEM 9-3 MULTI PLE-TI ER Tl EBACKS (PART 1)

This is a tw part sanple problem The first part
design using sinplified criteria assumng the vertical
to be hinged at the depth of excavation. The second part is

Is a sanple
menber

an anal ysis of the design and tiebacks using OSC criteria.

PART1
AC PAVEMENT Q = 300 psf 1.
AN N 8
' T‘ —
From Soils Report
8
Y= 115 pcf
'l'2 —_—
39
g $é = 35
C=0
: g Rw = 25
= 2.6
T‘ — K,
4
Fs \\'// N>
D
1
FIGURE 9-18
Driven New Steel Sheet Pil i?)ng:2 Casteel CS60:
S =6.98 in/Ft° of wall
| = 20.6 in"/LF
F, = 25 Kksi
Ti ebacks spaced at 7' -6" along with W6 x26 wal es
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1
s -
Q__Tz |
H
T |
< '3
—_—D ‘ st
| ; | :
- e 25 H —>
SURCHARGE SOIL PRESSURE

FI GURE 9-19

Shear and nonent at T, due to cantilever:

Vi = 0.5(0.025) (H) (8) + 0.100(8) = 4.7 Kip/LF
M. = 3.9(8/3) + 0.8(8/2) = 13.6 K-Ft/LF
COWPUTER PROGRAM RESULTS:
Moment Reaction
at - : (Ft-Kips/LF) (Kips/LF).
T, 13.6 10.4
T, - 5.5 8.5
T, . 8.1 0.3
T, 5.4 8.0
F, : 0 0.8

Approxi mate Maxi mum Positive Span Mnents:
span 1 = 1.7 Ft-Kips/LF

2 = 4.1
3 =4.1
4 =0.3

Desi gn Moment = Maxi num Moment = 13.6 Ft-Ki ps/LF
Section Mdul us Required 13.6(12)/25 = 6.52 < 6.98 in® K
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Ti eback Forces:

T, = 7.5(10.4) = 78 K L
T, Load = 78/cos 20° = 83 K -

T, Test = 83/0.8 = 104 K

T, = 7.5(8.5) = 63.75 K
T, Load = 63.75/cos 20° = 68 K
T, Test . = 86/0.8 = 108 K

T, = 7.5(10.3) = 77.25 K
T, Load = 77.25/cos 20° = 82 K
T, Test = 82/0.8 = 103 K

T, = 7.5(8) = 60 K

T, Load = 60/cos 20° = 64 K
T, Test = 64/0.8 = 80 K

Depth of Enbednent:
Downward Force = (83 + 68 + 82 + 64)sin 20° = 101.58 K
Friction on sheet piling = (78 + 64 + 77 + 60) (0.4) = 111.6
111.6 > 101.58 K

Use passive resistance = 2.6 times the unit weight of the
soil. .

Passive resistance = 2.6(115) = 300 pcf
The primary portion of the downward force from the tieback
load may be acting on one sheet pile, so prorate the load to
the pile width of 27.6 inches (2.3 feet):

F,(7.5/2.3) = 800(7.5/2.3) = 2,609 Lb/Sheetpile

This force needs to be resisted by a passive triangular
load having a resistance of 300D for depth D so that:

2,609 = 1/2(300) (2.3)D? from which D = 2.75"

Use safety factor of 30%.. Design D = 2.75(1.30) = 3.58'
Use D = 4.0 feet B
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EXCAVATE 10°

—
Before stressing T,,
M,,, = 25H(H/2) (H/3) + 100(H) (H/2)
8 = 25H’/6 + 100H?/2
= 9,167 Ft-Lb/LF
After stressing T,:
<—T, M, = 9,167 - 10,400(2)
9- = -11,633 Ft-Lb/LF
100 25 H

11,633 < 13,600 Ft-Lb/LF OK
FI GURE 9-20

EXCAVATE 19'
—
Before stressing T,:

My,

25(19)3/6 + 100(19)3%/2
- 10,400 (11)

-67,770 Ft-1Lb/LF > 13.6 K-Ft/LF

But which will be resisted the
passive soil behind the piling

(K, >K, ).
Lo ; And remainder OK by similar analysis.
100 25 H
FIGURE 9-21
9-35
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MULTI PLE- TI ER Tl EBACKS ( PART 2)
The traveled way pavement width of 15' - 2" + starts 6 feet

from the face of excavation. Surcharge loading for traffic is
300 psf acting vertically.

1 Q = 300 PSF
8"
‘*_1,
9-
+TZ
39°
g-
+T3
9-
1,
4 .
‘T\V)‘Fs
!
» FIGURE 9-22
From Soils Report:
Soil unit weight Yy = 115 pcf Wall friction 6 = 11°

Internal friction angle ¢ = 35° Cohesion C = 0
Equivalent unit weight Kw = 25 pcf

Shoringlis driven new steel sheet piling:

Casteel CS60 for which: S = 6.98 in’/Ft of wall

I = 20.6 in */LF
F, = 25 ksi

Tiebacks spaced at 7' - 6" along W16 x 26 wales
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Use the Boussinesq |oading for the surcharge and assune this
| oading-carries to the bottom of the excavation.

— 6 p—15.2—] - L
- 300 psf | DEPTH  PRESSURE
8° 8" 0 0 (72)
o 2 83
-+
-i', 143 4 130
6 143
/ 8 137
10 123
31 P 12 107
. 22" 14 92
Ly | - 16 79
. : l .
l | f pEston. '8 670721
I y Py
L2 5.3
P ;_'4:‘__
pE?- _l_ : a4 10(0)
SOIL PRESSURE ' SURCHARGE PRESSURE .
9-23
Use: K, = 0.28, K, = (8.4) (0.593) = 4.98

P, = 0.71K,yH(cos &) = (0.71) (0.28) (115) (39) (cos 11°) = 875 psf
P, = YD(K, - K,) - P, = (115)(5.3) (4.70) - 875 = 1,990 psf

y'= By/Y(K, - K) = 875/(115) (4.70) = 1.62"

P, = (875) (1.62)/2 = 709 1b

P, = (1,990) (5.3 - 1.62)/2 = 3,662 Lb

L, =y/3 = 1.62/3 = 0.54" _

L=y + (D-y)(2/3) =1.62 + (5.3 - 1.62) (2/3) = 4.07"

Two approaches may be considered for force P,:*

1. Consider leg T,-P, as a cantilever. <---Use option #1

2. Comnsider P, an auxiliary. support. . for this
analysis

* More recent thinking permits a hinge at the excavation
line.
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Mnent Distribution Factors & Fixed End Mnents:

1‘501‘7' 94;'

| - S Pl
: Py

e 054 —=| f=—

'K (Combined pressure disgraom) .

. — . —

é%;; Q° / ;y=.404[:;.
E

~J

ll

~J T - 1 M7 r
™ : D
D _ P
. 2

R SN S
S
B C

BC, CB, CD, DC, DE, ED = 4EI/L = 4/9 =0.444
(EI = constant) '

Distribution Factors:
0.444/(0.444 + 0.444),§ 0.5

BA

0 CB = 0.5 DC
BC 0.5

1 - c = DE

EP, =

o

Rectaﬁgﬁlar Loads: M = wlL?/12

Triangular Loads: Light end, M = wL?/30
. Heavy end, M = wL?/20

(72) (8) [8/2] + {(1,017 - 72) (8)/2}[8/3]

M, = = 12,384
M. = (875 + 72) (9)2/12 + (142 - 72) (9)%/20 = 6,676
Mg = (875 + 72) (9)%/12 + (142 - 72) (9)*/30 = 6,581
Mop = Mpe = M = Mm‘ = (875 + 72) (9)%/12 = 6,392
M;,; = (947) (4) [2] + 709[4.54] - 3,662[8.07]) = -18,757
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. 0.54 —>>
712 o

[ Comb1ned pressure diégf‘aiﬁ'l |
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FIGURE 9-25

0 1 0.5 0.5 0.5 0.5 I 10

~IZ382 6676 -6581 63392 . -394 0394 -0392 -187/57

5708 95 94 0 0 25149

47 2854 -0 47 12575 0

-47 = -1427 -1427 -6311 -6311 0

-714 -24 -3156 -714 0 -3156

714 1590 _1590 357 357 3156

795 357 178 795 1578 178

-795 -268 _-268 -1187 -1187 -178

-134 -398 -593 -134 -89 -593

134 496 496 112 111 593

248 67 56 248 - 296 56

-248 -62 -61 =272 _-272 -56

-31 -124 -136 -30 -28 -136

—31 —130 __130 29 29 _136

65 15 16 65 68 14

, _=-65 -16 -15 -66 -66 -14
M.,-12384 12384 - -3296 3296 -13453 13453 18757 -18757

Vy . 1010 -1010 -103¢6 41096 3579 -3579
Ve, 4356 4472 4367 4262 4262 . 4262 4262 835
Veor 4356 2484 -, 3357 3166 2358 /7841 083 835

Check Shee‘t 1 Ng:

The maxi mum moment is Mg, = 18,757 Ft-Lb/LF
S Required = Mf = (18,757) (12)/25,000 = 9.00 in®

Anal ysis by the free earth support nethod permts the use of
Rowe's Theory of Mnent Reduction.

p=(H + DYE = ((39 + 5.3)(12)}* (30 x 10%(20.6) = 129.2
From Rowe's nonment reduction curves (see USS Steel Sheet
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Piling Design Manual, page 32):

RATIO Myzra/Mox = 0.34

> Mpeszew = (0.34) (18,757) = 6,377 Ft-Lb/LF

S Required = (6,377) (12) /25,000 = 3.06 < 6.98 "~ O.K.

Check \Wal es:

M = wL?/10 = (13,199) (7.5)%/10 = 74,244 Ft-1b
S Reqg'd = (74,244(12)/22,000 = 40.5 in?

S furnished (W16 x 26) = 38.4 < 40.5 . Not satisfactory

Recommend using W14 x 30; S = 42.0

Determine Tieback Loads:

B: (T,) = 7.5(9,838) = 73,785 1b
C:(T,) = 7.5(6,523) = 48,923 1b
D: (T,) = 7.5(13,199) = 98,993 Ib
E: (T,) = 7.5(1,518) = 11,385 Lb

Tieback 1 (installed in 8" diameter drilled hole)

T,Q = Unbonded length

1, = Bonded Length

T, = 73,785 Lb

—T—LT

- P = 73,785/cos 20°

P = 78,520 LB
¥ = 35°
A = 180°-(90-a)-§ = 75°

T,Q0 = 31(sin ¥)/sin A = 31(0.5736)/0.9659 = 18.4' > 15'
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h, = Distance from ground surface to center of length L,.

h, = 8-+ (T,Q + L,/2)sin « T T
h, = 8 + (18.4 + L,/2) (0.342) = 14.29 + 0.171L,

Proof load = Py, = Pppera/0.8 = 98,150 Lb

Use the FHWA fornula to verify Ly

8,150 = mdyh,(tan )L, :
98,150 = ®(0.667) (115) (14.29 + 0.171L,) (tan 35°)L,
98,150 = 2,411.6L, + 28.85L,° '
1,> + 83.58 L, - 3,402.08 = 0 L, = 30°

And sinilar conput ati ons can be nmade for the other ties.

Check Excavation Levels at 2' -0" Below Tie to be Installed:

EXCAVATE 10'
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EXCAVATION 19'
=
Before stressing T,: -
M. = [25(19)%/6 + 100(19)%/2] - 9,838(11)
= - 78,689 Ft-Lb/LF . .
Indicating a larger sheet pile
section is needed.
= —
25 H 100
FIGURE 9-28
The remai nder of the ties need to be checked. A simlar
anal ysis mght be required for backfill operations because the

el evations used for stopping for installation of ties may not
the same as that used for renoval of ties.

Check Sheet Pile Penetration:

Use skin friction on the sides of the piling in contact with
the soil; and-use skin friction working |oad value = 50% of

ul timat e val ue.

Skin friction = N100 = Utimte val ue

N from Tabl e 12 = 20

NI100 = 20/100 = 0.2 tsf = 400 psf

Working |load value = 50% of the ultimate, - use 400/2 = 200
psf

Downward load fromthe T forces = YT(tan 20°) = 31,078

(0. 364)

11, 312 Lb/LF

11,312(7.5) = (39 + 2D)(7.5)(200) fromwhich D = 8.8

Use Safety Factor = 20% (Shape of the sheet piling was
negl ect ed)

MnimumD = 1.20(8.8) = 10.6 feet > 5.6 feet shown on plan.
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SUMVARY

Multiple tieback systens approximate a multiple strutted
system The soil pressure diagram for either system shoul d
nore appropriately approximate a trapezoid rather than a
triangle. This would be especially true for soft to medi um
cl ays.

A long bond length is required at the elevation of the upper
tier primarily because of the low h, value. The tiebacks of
the upper tier would have been better designed by reducing the
center to center tie spacing to achieve a shorter required
bond | ength. Another way to reduce the bonded |ength would be
to locate the upper ties tiff-center with respect to the second
tier ties and to increase the tie slope angle in order to
increase the h, value. The nost practical way to decrease the
l ength requirenment of the upper tier tie would be to increase
the dianeter of the drilled hole to 16" or to 18". This woul d.
substantially increase '"the effective bond per linear foot of
tie.

Three tiers of tiebacks properly spaced shoul d have been _
aﬁequate for the soil conditions and design paraneters used in
this case.
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